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Thermography: temperature dependence of phosphor 
emissions
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• laser-excited luminous discharge from (doped) ceramic material
• emission spectrum dependent on temperature
BaMg2Al10O17:Eu 
Ceramic host dopant
Intensity-ratio method
(Särner et al. 2008)
G. Särner, M. Richter, and M. Aldén, “Investigations of blue emitting phosphors for thermometry,” Meas. Sci. 
Technol., vol. 19, no. 12, p. 125304, Dec. 2008.
Combining phosphorescence with PIV?
Thermographic PIV: 
use phosphorescent particles as flow tracers
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Thermographic PIV setup (Abram et al. 2013)
• 532 nm double-pulsed laser for PIV
• 355 nm single-pulsed laser for exciting 
phosphor particles
• Two laser beams overlap via a dichroic 
mirror
• One high frequency PIV camera to record 
Mie scattering 
• Two high frequency cameras to record 
phosphorescence
C. Abram, B. Fond, A. L. Heyes, and F. Beyrau, “High-speed planar thermometry and velocimetry using 
thermographic phosphor particles,” Appl. Phys. B, vol. 111, no. 2, pp. 155–160, Mar. 2013.
Objectives and methodology
• Perform simultaneous 2D temperature and velocity measurements with low 
cost
• Achieve suitable accuracy
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Use phosphorescence to perform PIV, rather than Mie scattering
Objectives:
Methodology:
Experimental setup
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BD  beam dump 
BS  beam splitter 
CL cylindrical lens
F short band pass filter
FL  focal length
M mirror
PD photodiode
Cameras are non-intensified
Phosphor selection:  ZnO
6
ZnO:
• Strong spectral redshift as T increases
• Detectable temperature range 300 - 500 K
• Inexpensive (£50/kg)
(Abram et al., 2015)
C. Abram, B. Fond, and F. Beyrau, “High-precision flow temperature imaging using ZnO thermographic 
phosphor tracer particles,” Opt. Express, vol. 23, no. 15, p. 19453, Jul. 2015. 
Experimental setup: timing issue
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Laser (355 nm)
Trigger
ZnO emission
Cameras
200 ms
30 μs
< 1 μs
5 μs ~ 150 ms
180 ns
second framefirst frame
Image processing
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Intensity ratio (thermography)
• of first frames at t
• of second frames at t + 30 μs
Image processing:
• 5×5 moving average filter  (110×110 μm2)
• threshold at 15 count
Cross-correlation (for PIV)
• between the two consecutive frames recorded by 
each camera
• images recorded by Camera B are preferred due 
to higher SNR
• interrogation window: 64×64 pixel (1.4 × 1.4 𝑚𝑚2)  
Camera A  
387 ± 5.5 nm
Camera B  
425 ± 25 nm
t
t+30 μs
first 
frame
second
frame
Calibration of ZnO as a temperature sensor
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Laser fluence 
𝐼𝑟 = χ(𝑇, 𝐹)
Fluence profile, intensity ratio and resulting 
temperature
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First pulse
Second pulse
𝐼𝑟1𝐹 𝐼𝑟2First frame 𝐼𝑟 = χ(𝑇, 𝐹) 𝑇1
(K)
Simultaneous temperature and velocity imaging: 
instantaneous images (Example 1)
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(K)
𝑇1(𝑡) 𝑇2(𝑡 + 30 μ𝑠) 𝑉
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Simultaneous temperature and velocity imaging: 
instantaneous images (Example 2)
𝑇1(𝑡) 𝑇2(𝑡 + 30 μ𝑠) 𝑉
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m/s(K)
Simultaneous temperature and velocity imaging: 
instantaneous images (Example 3)
𝑇1(𝑡) 𝑇2(𝑡 + 30 μ𝑠) 𝑉
Mean temperature field: 
thermocouple vs. thermography
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• Thermocouple translated at 5 mm and 10 mm 
above the nozzle
• Particle absorption causes up to 10 K 
temperature increase.
• Accuracy of 3 K can be achieved in the core 
region 
(K)
Loss of signal (fewer particles)
Particle absorption?
Conclusions and future work
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1. Use a double-cavity high speed UV laser to collect more data.
2. Apply other phosphors as YAG:Dy (temperature sensitivity up to 1700 K) to 
achieve same measurements on flames.
1. Technique that can perform simultaneous 2D temperature and velocity 
measurements was demonstrated, with a single laser, two cameras
2. Accuracy of 3 K was achieved at 410 K; Spatial resolution 110 μm
Future work :
Conclusions:
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